H I G H L I G H T S
• Bioindicators and biomarkers were analyzed in chub liver and gills along Sava River.
• CuZnSOD, GSH, HSP90 and MTs in the gills were highest in Zagreb.
• Results suggest that Zagreb had higher concentrations of metals in water (iron).
• Higher levels of GPx and CAT were found in Sremska Mitrovica and Belgrade.
• Total environment influences metabolic profile and bioindicators level.
G R A P H I C A L A B S T R A C T a b s t r a c t a r t i c l e i n f o

Introduction
The Sava River with its catchment area of 95,793 km 2 is, after the Tisza River, the largest tributary of the Danube River. It is formed by two headwaters, Sava Dolinka (45-km long) and Sava Bohinjka (31-km long), which join near the Slovenian town of Radovljica. The 945-km long Sava River runs through Slovenia, Croatia, Bosnia and Herzegovina and Serbia, where it reaches its confluence with the Danube in Belgrade. The Sava River Basin is heterogeneous regarding the overall environmental conditions. Due to its geographic position, diverse climate, petrographic and pedological variety and orographic characteristics, the Sava River Basin is one of the most complex regions in Europe concerning plant and animal distribution (Lopatin and Matvejev, 1995) . The Sava River is exposed to considerable anthropogenic pressures, ranging from organic to metal pollution from heavy industry, oil refineries and untreated municipal waste discharges (Paunović et al., 2012; Simić et al., 2015; Milačič et al., 2015; Ogrinc et al., 2015) . Fish are commonly subjected to the prooxidant effects of different pollutants present in the aquatic environment. Fish are exposed to pollutants directly from water and food consumption. They represent good indicators for the biomonitoring of land-based pollution (VelkovaJordanoska et al., 2008) . A fish species commonly found along the entire Sava River as well as in almost all its tributaries is the cyprinid chub (Squalius cephalus) (Linnaeus, 1758) (Simonović et al., 2015) . This fish is a rheophilic, omnivorous species that is widespread in European freshwaters. Chub is a pollution-tolerant species (Vostradovsky, 1973) . Adults are solitary while juveniles occur in groups. S. cephalus is not endangered species and generally characterized as Low Concern, based on the International Union for Conservation of Nature criteria (IUCN, 2012) ; this has been confirmed for the Sava River Basin . Due to its pollution tolerance and wide distribution range, but also taking into consideration that this species is not endangered, the chub often serves as an indicator organism. This species has been used before for the assessment of metal bioaccumulation (Cd, Cu, Fe, Mn, and Zn) (Dragun et al., 2015) and genotoxicity analysis (Sunjog et al., 2012) .
Several biomarkers are commonly used in ecotoxicological studies. Of the different types of biomarkers, the following have received special attention: cytochrome P450 (which serves as an indicator of exposure to organic contaminants, polyaromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), etc.), metallothionein (MT) (its synthesis in hepatic and other tissues serves as an indicator of exposure to metals such as Zn, Cu, Cd, Hg, Fe, etc.), antioxidant enzymes, including superoxide dismutase (SOD), catalase (CAT), glutathione transferases (GST) (which respond to exposure to reactive oxygen species (ROS), free radicals, and pollutants causing oxidative stress), lipid peroxides (oxidants, metals, etc.) (Stegeman and Hahn, 1994; Van der Oost et al., 2003; Pavlović et al., 2004; Mihailović et al., 2006a Mihailović et al., , 2006b Mihailović et al., , 2010a Mihailović et al., , 2010b Hellou et al., 2012) . On the other hand, the heat shock proteins (HSPs) are an abundant and inducible class of proteins involved in stress physiology, endocrine processes, the immune response, environmental physiology, stress tolerance and acclimation (Basu et al., 2003) .
The main detoxification processes are linked to free radical production, since cytP450 oxygenation is followed by the production of superoxide and hydrogen peroxide. Exposure to trace metals, especially Fe, Cu and Mn, leads to different oxidation-reduction reactions that produce ROS. ROS are eliminated and/or neutralized by cellular antioxidant defenses, which are comprised of several enzymes and include SOD, which catalyzes the dismutation of superoxide to hydrogen peroxide and which is further decomposed to water by CAT. The breakdown of H 2 O 2 and lipid peroxides can also be performed by glutathione peroxidase (GPx), with glutathione (GSH) serving as a reducing agent. Oxidized glutathione formed in this reaction is subsequently reduced by the action of glutathione reductase (GR) that utilizes reduced nicotinamide adenine dinucleotide phosphate (NADPH) as a reducing agent. The sum of these reactions is NADPH expenditure and oxidation of GSH. GSH is a sulfhydryl antioxidant that can also effectively scavenge ROS, preventing ROS-induced cell damage (Wu et al., 2004) . GSH is the main cellular thiol that maintains redox homeostasis. Disturbed redox homeostasis can lead to improper development, reproductive failure and accelerated aging (Calabrese et al., 2010) . Because antioxidant enzyme activities can serve as markers of exposure to a variety of pollutants, measurements based on antioxidant enzyme activities are very important in ecotoxicological studies (Lopes et al., 2001) .
In this study, we examined the potential influence of prevailing environmental conditions in the Sava River Basin on the levels of antioxidant enzymes, MT, CytP450 and HSP in the liver and gills of chub. For this investigation, three urban localities along the Sava River were chosen: the Zagreb downstream (Zgd), Sremska Mitrovica (SM) and Belgrade downstream (Bgd) localities, with prominent sources of pollution: treated and untreated sewage and different inorganic and organic agricultural sources of pollutants.
Material and methods
Study area
The investigation was performed along the entire Sava River in September 2014 within the scope of the GLOBAQUA project (NavarroOrtega et al., 2015) . Nine different sampling stretches were selected: Radovljica, Litija and Čatež in Slovenia, Zagreb, Jesenovac, Slavonski Brod and Županja in Croatia and Sremska Mitrovica and Belgrade in Serbia (Fig. 1) . At every sampling stretch two sampling locations were selected in order to obtain the representative water body for further investigation. The second sampling location was marked as 'downstream'. This study focused only on the three selected sampling locations influenced by urban activities: the Zagreb downstream (Zgd), Sremska Mitrovica (SM) and Belgrade downstream (Bgd) localities. At these locations the fish were collected using electrofishing according to the relevant EU standard (EN 14011 Water quality, 2003) . In the case of chemical analyses of water, the results of measurements from both sampling locations within the stretch were taken into the consideration from three sampling stretches relevant for the fish analyses.
Chemical analysis of the water
Sampling of water for chemical analysis accompanied the sampling of fish. Samples were taken during the day in period between 9:00 AM and 14:00 PM at 0.5 m depth. In water samples the physicochemical parameters, concentrations of cations and anions were determined. Temperature (T), pH, electrical conductivity (EC) and dissolved oxygen (DO) measurements were performed in the field. T and DO were measured directly in the stream, using a VTV OXI model 91 m. The precisions of DO saturation and EC measurements were within ±5%. pH was measured at least twice to verify electrode stability using a Corning 315 high sensitivity pH meter coupled with an Orion Ross electrode. The reproducibility was ±0.02 pH units.
Sample aliquots collected for chemical analysis were passed through 0.45 μm membrane filters into bottles and kept refrigerated until analyzed. Samples for cations were pre-treated with HNO 3 ) in water samples were conducted on a Jobin Yvon Horiba Ultima ICP-OES with a precision of ±2% for major and ±5% for minor elements. Concentrations of anions (Cl − , F − , Br − , NO 3 − and SO 4 2 − ) were determined by ion chromatography with an ICS-2500 DIONEX system with precision ±2%. Ammonium and phosphate ions were measured by WTW-Photolab Spektral. Measuring ranges were 0.05-3.00 mg/L (indophenol blue method) and 0.5-30.0 mg/L (vanadatomolybdate method), respectively.
Fish
The fish were killed immediately by spinosectomy according to standard animal care regulations. The liver and gills were removed just after spinosectomy, washed in ice-cold 0.15 M NaCl and frozen in liquid nitrogen. Individuals of the similar size (28-31 cm) were selected to ensure sample uniformity. Three specimens of similar size from each sampling location were used for the analyses.
Isolation of protein fractions
The excised liver and gills were homogenized in 0.25 M sucrose, 0.1 M ethylenediaminetetraacetic acid (EDTA) and 0.05 M Tris-HCl, pH 7.4. After sonication, the homogenate was divided in triplicate and centrifuged at 100,000 ×g in a Beckmann rotor Ti 50 for 90 min. Aliquots of the supernatant were stored at − 80°C and used for determination of antioxidant enzyme activities and immunoblot analysis. Microsomal fractions of fish livers and gills were prepared following the procedure of Krauss et al. (1983) . The tissues were excised and homogenized (1 g liver/1 mL) in sucrose buffer: 0.25 M sucrose, 50 mM Tris-HCl, pH 7.4, 4 mM MgCl 2 , 1 mM phenylmethanesulfonylfluoride -PMSF, followed by centrifugation at 10,000 ×g at 4°C for 25 min. The obtained postmitochondrial supernatant was then centrifuged at 150,000 ×g at 4°C for 60 min. The obtained microsomal pellets were resuspended in sucrose buffer and used for immunoblot analysis with anti-Cytochrome P450, family 1, subfamily A, polypeptide 1 (CYP1A) antibody.
Determination of glutathione content
The level of reduced glutathione was determined according to the dithio-nitrobenzene (DTNB) colorimetric method (Blázquez et al., 1996) . Homogenates of liver and gill tissue were prepared in phosphate buffer (100 mM NaH 2 PO 4 , 1 mM EDTA, pH 7.5). The homogenates were centrifuged at 5,000 ×g for 5 min at room temperature (Eppendorf 5415 R centrifuge), and the resulting supernatant was deproteinized with 5% 5-sulfosalicylic acid. Samples were centrifuged and 0.2 mL aliquots were mixed with 0.7 mL of 0.3 M sodium phosphate buffer, pH 8.7, and 0.1 mL of 0.04% DTNB in 1% sodium citrate buffer, pH 6.8. After 5 min, the absorbance at 412 nm was measured and the amount of soluble thiols was determined by comparing with GSH standards. All measurements were performed in triplicate.
Determination of antioxidant enzyme activities
Total SOD activity was measured by the epinephrine method (Misra and Fridovich, 1972) , and expressed as U/g wet mass and per mg of protein. Manganese containing superoxide dismutase (MnSOD) activity was measured after preincubation with 8 mmol/L KCN; Cu, Zn containing superoxide dismutase (CuZnSOD) activity was calculated from the difference between total SOD and MnSOD activities. CAT activity was determined according to Beutler (1982) by the rate of H 2 O 2 decomposition and expressed as μmol H 2 O 2 /min/g wet mass and per mg of protein.
GST activity was determined by the method of Habig et al. (1974) , based on the reaction of 1-chloro-2,4-dinitrobenzene (CDNB) with sulfhydryl groups of glutathione catalyzed by GST from the samples. The activity is expressed as nmol GSH/min/mg protein and per g wet mass. The activity of GPx was determined following the oxidation of NADPH as a substrate with t-butyl hydroperoxide (Tamura et al., 1982) and expressed in nmol NADPH/min/mg protein, as well as nmol NADPH/min/g wet mass. The activity of GR was measured as described by Glatzle et al. (1974) , and expressed as nmol NADPH/min/mg protein, as well as nmol NADPH/min/g wet mass. All measurements were performed in triplicate.
SDS-polyacrylamide gel electrophoresis and immunoblot analysis
For SDS-polyacrylamide gel electrophoresis (SDS-PAGE), 20 μg of proteins were loaded onto 4% stacking/12% separating slab gels as described by Laemmli (1970) . The gels were stained using Coomassie Brilliant Blue R-250. Protein concentrations were determined according to Lowry et al. (1951) . Twenty micrograms of the supernatant protein fraction were separated by SDS-PAGE and electroblotted onto polyvinylidene fluoride (PVDF) membranes (Hybond-P, Amersham Pharmacia Biotech). Immunoblot analysis was performed according to Towbin et al. (1979) , using polyclonal antibodies raised against fish MT (Biosense Laboratories, Norway), CYP1A (Biosense Laboratories, Norway), and polyclonal antibodies raised against rat Hsp70 and Hsp90 (Santa Cruz Biotechnology). Immunoreactive bands were identified by an enhanced chemiluminescence (ECL) detection system (Santa Cruz Biotechnology) according to the manufacturer's instructions. Antigen-antibody complexes were analyzed with TotalLab (Phoretix) electrophoresis software (ver. 1.01). For statistical purposes, results were expressed relative to glyceraldehyde 3-phosphate dehydrogenase (GADPH) presence in samples.
Statistical analysis
Data are expressed as the mean ± SE (Standard Error). Statistical significance was tested by one-way analysis of variance (ANOVA), followed by Tukey's HSD test (Manley, 1986 ) using SAS software 9.2. version.
Results
Water parameters
The water T was the lowest in Zg and Zgd and was statistically different from SM and Bgd locations (p = 0.0036). pH ranged between 7.72 and 8.04, while EC ranged from 320 to 363 μS/cm 2 . No statistical difference between locations was found in pH and EC (p = 0.910 and p = 0.789, respectively). Significantly lower amounts of dissolved oxygen were measured in water sampled at the SM and Bgd localities and were statistically different comparing to Zg (p = 0.014) ( (Markovics et al., 2010) . Statistically significant differences were observed for Na + concentrations (p = 0.018) where locations Zg and Zgd differed from SM and Bgd. The highest dSi concentrations were determined at SM and Bgd and were statistically different from Zg (p = 0.040). Although the highest Fe levels were measured at the Zgd locality no significant spatial differences were observed (p = 0.221).
The concentrations of anions are presented in Table 3 . No significant spatial differences were observed in F , Na + and Cl − ions due to industrial and mining activity (Markovics et al., 2010) . This influence could be further observed in the Sava after the confluence with Bosnia and thus also at both investigated locations SM and Bgd.
Antioxidant enzyme activities and GSH levels
The activities of antioxidant enzymes were similar in the liver and gills from fish caught at the different localities, irrespective of whether they were expressed per mg of proteins or g of wet tissue (no significant ANOVA). However, the mean activity of GPx was two-fold higher in chub liver from the SM locality as compared to fish caught at the other localities, although this result was not statistically significant (ANOVA, p = 0.14) (Fig. 2) . GPx activity was also higher in gills from chub caught in SM then the other localities (ANOVA, p = 0.0053; Tukey's HSD post hoc, p b 0.01). Samples from the Zgd locality had significantly lower activity (p b 0.01; Fig. 3 ). On the other hand, liver CAT activity was highest in chub from SM; again this result was not statistically significant (ANOVA, p = 0.625) (Fig. 2) .
To better discriminate between the enzyme activities and relative amounts of enzyme proteins, we performed immunoblot analysis. As can be seen in Fig. 4 , immunoblot analysis revealed that the high activities of CuZnSOD, both in the liver and gills of chub from the Zgd locality, were accompanied by a relatively high protein level (ANOVA, p = 0.003; post hoc Tukey's HSD) (Fig. 4) . The relative CAT protein levels in the liver and gills followed CAT activities, thus the levels of CAT protein and activity were consistently higher in samples from SM and Bgd. However, the effect was not statistically significant (ANOVA p = 0.747 and p = 0.424, respectively). The highest level of GSH was observed in chub liver and gills from the Zgd locality (ANOVA, p = 0.046 and p = 0.019, respectively; Tukey's post hoc test) (Fig. 5) . In fish from this locality the levels of GSH were 2-and 8.5-fold higher in the liver, and 1.9-and 2.5-fold higher in the gills as compared to the fish caught at the SM and Bgd localities, respectively. On the other hand, there were no differences between the GST levels in liver and gills of chub at the different locations (no significant ANOVA, p = 0.112 and p = 0.162, respectively) (Fig. 6 ).
Cytochrome P450 isozymes, CYP1A
Analyses of immunoblot profiles showed that CytP4501A protein was more expressed in the liver of chubs from Bgd and the gills from SM (Fig. 7) . However, there were samples where CytP4501A was not detected. Therefore, statistical analyses were performed only in samples where CytP4501A proteins could be measured; anyway, no statistically significant differences were observed between the examined samples (no significant ANOVA, p = 0.502 and p = 0.548).
HSPs
Immunoblot analysis revealed the lowest levels of HSP90 and HSP70 in the gills of fish from the SM locality (significant ANOVA, p = 0.000074 and p = 0.0007, Tukey's post hoc HSD test) (Fig. 7) , whereas HSP90 was not detected in liver samples. On the other hand, the liver of fish from the Zgd locality had significantly higher levels of HSP90 as compared to the other localities (ANOVA p = 0.000074).
Metallothioneins
Immunoblot analysis revealed almost the same level of MT protein expression in the livers of fish from all three examined localities (no significant ANOVA, p = 0.6) (Fig. 7A) . The relative protein level of gill MT was significantly higher in fish from the Zgd locality (ANOVA, p = 0.0256, Tukey's HSD post hoc test) (Fig. 7B) . 
Discussion
According to average discharge (1513 m 3 /s at the station at Sremska Mitrovica) about 100 km from the confluence to the Danube (SRBA, 2009), the Sava is the largest tributary of the Danube. Further, according to its catchment area, the Sava River Basin is the second largest subbasin of the Danube after the Tisza River Basin. The Sava River Basin is shared by Bosnia and Herzegovina (40% of the basin area), Croatia (26%), Serbia (15.4%), Slovenia (11%), Montenegro (7.5%), and Albania (0.1%). About 8.8 million people live in the Sava River Basin (SRBMP, 2013) . More than 50% of the Sava watercourse is navigable, from the Kupa confluence (in the Croatian section) to the confluence with the Danube. The mean elevation of the Sava River Basin is 545 m a.s.l., ranging from 71 m at the mouth of the Sava River in Belgrade (Serbia) to 2864 m at Triglav (Julian Alps in Slovenia). These data highlight the importance of the Sava River Basin to the Western Balkans, and the preservation of its water quality and environment is a common and important task.
Here we compared three different urban environmental impacts in the Sava River Basin, on different well-connected biochemical indicators and biomarkers in the liver and gills of chub, a fish species that is considered a good indicator of environmental status. Our results showed that each region has its own predominating sum of environmental factors that contribute to differences in the levels and activities of the studied parameters. Measured parameters changed but preserved homeostasis in chosen environmental sites where environmental differences are not so high (statistically significant) and far below toxicological threshold. According to our results and previous studies, the Zgd locality is exposed to an increased impact of metals, and Fe in particular. This coincides with reports which highlight the impact of metals in the Zagreb region, which is influenced by point sources of pollution (municipal and industrial wastewater outlets of the city of Zagreb); however, the levels are far lower than the pollution threshold limit (Dragun et al., 2015) . Fe is a redox-active metal that participates in several in vivo reactions that promote the cellular generation of free radicals. Even small amounts of free or impropriate chelated Fe 2+ can do harmful effects in terms of oxidative stress. These harmful effects are mediated by superoxide (Liochev and Fridovich, 1999; Keyer and Imlay, 1996) . CuZnSOD is the first line of antioxidant defense. It converts superoxide to hydrogen peroxide, thus preventing the propagation of free radical reactions. Our results show that CuZnSOD activity was higher in chub liver from the Zgd locality. Furthermore, immunoblot analysis confirmed significantly elevated expression of CuZnSOD proteins in both the liver and gills of chub from the Zgd locality. Therefore, elevation of CuZnSOD in chub tissue found in our work seems to be an adaptive response to increased Fe concentrations. The protein level of MT was also elevated in the gills of chub from the Zgd locality. MTs are important for the bioaccumulation of toxic metals, their detoxification, homeostatic regulation of metals and protection against metal-induced oxidative stress (Wang et al., 2014) . They chelate metals, rendering them physiologically unavailable for further uncontrolled reactions. Elevated MT levels also suggest that the levels of other metals are increased. Measurement of other metals was not performed in this work. In a 2006 study of metals in the surface water of the Sava River in spring, the observed spatial variability revealed that increased concentrations of Co, Fe and Mn at the sites were caused by point sources of pollution (municipal and industrial wastewater outlets of the cities of Zagreb, Velika Gorica, and Sisak) (Dragun et al., 2015) . The previous investigations revealed that the untreated wastewater of Zagreb is a significant source of metal pollution of the Sava (Mikac and Branica, 1994) . The highest concentrations of Mn and Co and high concentrations of Fe were found immediately after the sewage outlet of the city of Velika Gorica. When this research was undertaken, increased MT concentrations in the liver, gills and gastrointestinal tract were observed in fish caught at upstream sites (Otok Samoborski, Zagreb, Oborovo) . Increased MT levels coincided with increased cytosolic concentrations of essential elements, Zn and Mn in the liver , and Zn in the gills (Dragun et al., 2009 (Dragun et al., , 2015 . MTs achieve their activity through the high content of cysteine sulfhydryl (SH) groups. Glutathione (GSH) production is stimulated in the presence of agents that form complex/adducts with glutathione (e.g. thiol reactive metals such as mercury ions or quinones), but not after addition of H 2 O 2 (Hultberg et al., 1999 ). An elevated content of GSH was detected in chub from the Zgd locality; this can also be due to lower GPx activity in the same samples. Our results suggest that environmental factors affect the cellular content of antioxidants toward maximal protection against specific oxidants.
In addition to antioxidants, higher amounts of HSP90 were measured in the gills of fish from the Zgd locality. HSP90 is responsible for appropriate protein folding, the activity of the proteasome and steroid receptors (Pratt et al., 2010) , suggesting that these fish displayed different physiological homeostatic control mechanisms due to changes in the environment. Redox changes in the cell have been suggested to regulate HSP production (Voellmy, 1996) , and it has been shown that HSP90 is expressed after exposure to copper sulfate and cadmium sulfate (Cho et al., 1997) .
According to our results it would appear that fish from the SM and Bgd localities could be more exposed to organic pollutants. The expressed levels of CYP4501A in the gills of fish from SM and the liver from Bdg, although statistically insignificant could be related to the presence of organic pollutants in the environment. The classes of cytochrome P450 isozymes, which are responsible for the biotransformation of xenobiotics, are represented in fish by the CYP1A subfamily of proteins (Stegeman and Hahn, 1994) . CYP1A is a well-established biomarker of the exposure of fish to xenobiotics (Mihailović et al., 2006a (Mihailović et al., , 2006b (Mihailović et al., , 2010a (Mihailović et al., , 2010b . Furthermore, the lower percentage of oxygen measured in the water samples from SM and Bgd could indicate increased levels of organic contaminants and xenobiotics as compared to the upstream Zgd locality. The low oxygen level in the water could be due to increased oxygen consumption by bacteria during the biodegradation of organic matter (Harrison, 1995) . The concentrations of total P in the sediments along the Sava River tend to increase progressively toward the inflow into the Danube River in spring, due to an increased use of P-containing fertilizers in rural areas and the influence of municipal sewage outflow (as the consequence of use of P-containing detergents in households) in big cities (Ščančar et al., 2015) . The sources of organic pollution in the SM and Bgd localities are increased agricultural and industrial activities and wastewater. Our previous investigation with elevated δ 15 N NO3 values of up to + 25.5‰ showed that at these two locations the influence of animal waste and sewage were more pronounced in comparison with Zg (Ogrinc et al., 2008) . As the CYP450 enzyme family is highly inducible by pollutants and CYP4501A was low expressed in samples from any of the examined localities, this suggests that organic pollution is a comparatively rare event. Furthermore, the levels of GST were not significantly different between examined locations suggesting low impact of organic contamination. We also observed higher levels of GPx in the gills of fish from SM and Bgd when compared to the Zgd locality. This finding revealed the impact of organic peroxides on the former two sites. GPx breaks down both lipid peroxides and cellular H 2 O 2 to water while using GSH as a reducing agent. Therefore, the lower levels of glutathione in fish from the SM and Bgd localities in comparison to fish from the Zgd locality can be a consequence of higher GPx activity in the former samples. Furthermore, significantly higher levels of gill CAT were measured in the Bgd samples. Since CAT operates when the concentration of hydrogen peroxide is high in comparison to GPx, the impact of cellular hydrogen peroxide is apparently more pronounced in the Bgd locality. This also means that metabolic activity could also be higher in fish at the Bgd locality, especially as the water temperature is higher here. There are data that hyperthermic stress increases lipid peroxide levels and decreases SOD activity in the hepatic cells of the grass carp, Ctenopharyngodon idella (Cui et al., 2014) . Elevated temperatures in the environment and hyperthermia promote oxidative stress (Portner and Knust, 2007) .
The liver has been reported to be the most sensitive organ with regard to HSP synthesis in response to hyperthermia (King et al., 2002) . It has also been reported that HSP70 is produced in states of hyperthermia and during oxidative stress in fish (Fader et al., 1994) . Moreover, in the liver of fish from the Bgd locality, elevated levels of HSP70 were recorded, suggesting that at least some of the difference between the localities is due to different environmental thermal conditions. While these differences are not too high or statistically significant, together they most likely influence the physiological composition of the constitutive biochemical components involved in protection. However, hepatic HSP70 can also be elevated in fish because of organic pollution with PAHs (Abdel-Gawad and Khalil, 2013) . Induced HSP70 has been correlated with PAHs that were observed to accumulate in mussels Mytilus galloprovincialis (Porte et al., 2001) .
Our results showed that the different environmental profiles along the Sava River affect the system of antioxidant protection and regulation of metal and protein homeostasis. Despite the fact that the levels of the examined environmental parameters were far below the threshold limits, they reflected the dynamic composition of physiologically active elements that respond to environmental factors. Additionally, small differences in environmental factors can modify internal homeostasis, but the level of sensitivity of chosen parameters respond toward optimal protection and preservation of homeostasis. Our work shows that different composition of environmental factors influence physiological homeostasis and key bioindicators are involved.
